In a previous paper [J. Acoust. Soc. Am. 95, 77-85 (1994)], a method for determining an effective scatterer number density in ultrasonography was presented. This is the actual number density multiplied by a frequency-dependent factor that depends on the differential scattering cross sections of all scatterers. This method involves evaluating the ratio of the fourth moment to the square of the second moment of echo signals scattered from the sample. The random processes involved in forming these echo signals give rise to an uncertainty in the estimated effective scatterer number density. This uncertainty is evaluated here using error propagation. The statistical uncertainty depends on the effective number of scatterers contributing to the segmented echo signal; it increases when the effective number of scatterers increases. Tests of the statistical uncertainty estimator were in good agreement with uncertainties computed from experimental data.
INTRODUCTION
In an earlier paper we described a method for determining an effective scatterer number density in ultrasound backscatter experiments. • This method involves evaluating the ratio of the fourth moment to the square of the second moment of the Fourier transform of the backscattered echo signal. The effective scatterer number density is found after applying data reduction algorithms that account for experimental factors in this ratio. Tests in phantoms having scatterer concentrations ranging from 134 to 750 cm -3 indicate the method yields accurate results in an in vitro experimental setup. • This paper is concerned with uncertainties in estimates of the effective scatterer number density. In general, there are two categories of uncertainties present. 2 One is methodological and instrumental, due, for example, to instrumental inaccuracy and electronic noise. Another is statistical due to the random processes involved in forming the echo signals. The purpose of this paper is to determine the statistical uncertainty due to these latter, random processes.
Previously, Sleefe and Lele, 3'4 Wilhelmij and Denbigh, 5
and Denbigh and Smith 6 evaluated higher moments of backscattered signals, computed scatterer number densities and estimated statistical uncertainties. A methodology similar to that of these authors is employed in our work in computing the number density. However, our approach differs from these earlier methods in that it retains frequency dependent factors in the medium's scattering properties, yielding a frequency dependent, "effective scatterer number density" as the outcome of the estimate. In addition, expressions for the transducer field and for a gating function applied to select echo signals from a region of interest are retained in the analysis, avoiding the use of arbitrary limits of the field when defining the scattering volume. The advantage of this more thorough treatment is the fact that the effect of experimental parameters on the statistical uncertainty, such as the properties of the transducer, the transmitted pulse bandwidth and the gate duration, can readily be studied by modeling.
I. THEORY

A. Method for determining scatterer number density
The data reduction method for measuring the effective scatterer number density has been described previously, • so it will be outlined only briefly here. We consider the situation where a pulsed transducer is used to insonify a medium containing scatterers (see Fig. 1 ). The same transducer serves as a receiver for echoes scattered from the medium. Randomly distributed discrete scatterers are assumed to give rise to all echoes, and over the surface of the transducer, the scattered wave from each is assumed to be spherically symmetric about the position of the scatterer. Because of the random distribution of scatterers, the echo signal V(t), or its gated 
where the factors in the integrand are defined above. Equation (2) is similar to that derived by Jakeman, s but differs in 
where m is the number of independent frequency components over the frequency band used in this average m and • is the center frequency of the transducer.
•uation (20) having a zero-mean Gaussian distribution and assume the ultrasonic system has a Gaussian weighted sinusoid impulse response and a beam collimated at -3 dB. Although the approach followed by Sicere and Lele differs considerably from ours, it is of interest that the predicted relative standard deviation has a similar functional dependence on Meff. All analysis was dom: using programs written in FORTRAN. The data were analyzed in either 10 or 5/as segments using software defined rectangular time gates; the two 
II. COMPARISONS WITH EXPERIMENTAL RESULTS
A. Experimental technique
B. Results
In(tO ) and Jn(tO) were computed using the Fourier transformed echo data, n always being 396. Values of A(tO) were then obtained over a range of frequencies around the center frequency of the transducer. In Fig. 2 In Table lII When the number of scatterers within the effective sample volume is large (i.e., greater than 10), the statistical properties of the echo signal approach those of a Rayleigh distribution. t3 The ratio of the fourth moment to the square of the second moment in Eq. (10) goes to two, and information on the scatterer number density is lost. This is exhibited in the present paper by the very large statistical errors when the number of scatterers contributing to the signal goes beyond 10. The most useful application of the method would appear to be for measuring number densities in the "just unresolvable," i.e., in the 1 to 10 per effective sample volume range. This general conclusion has been stated previously by Wagner et al. t4 who note that only for small numbers, say 2-3 per "speckle cell" are reasonable results obtained using these methods. In general, reducing the effective sample volume reduces Me•o) and hence the uncertainty in the number density estimator. This trend is easily seen in the data, where dependencies of the error on ultrasound transducer frequency and duration of the time gate used to select a region of interest are apparent--and are accurately predicted. Thus to the extent possible with the sample, the experimental conditions (beam focusing, gate duration, number of echo signal waveforms) could be optimized to reduce the statistical error as low as practical. An important aspect of the present work is that effects of various experimental parameters on the accuracy of the result, including transducer geometric parameters, transducer frequency bandwidth, and the analysis time gate may be predicted.
In any measurement, systematic errors as outlined in the introduction must also be considered in making a final estimation of the effective scatterer number uncertainty. Usually these can be minimized by careful calibralions of the measurement system and by understanding the properties of the medium.
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